To analyze patterns of use of adjunctive therapies among new initiators of topical prostaglandin analogs (PGAs) in a managed care population. Methods: The study cohort included patients in a claims database who initiated PGA therapy between June 2007 and April 2011. Patients who had one or more adjunctive therapy prescriptions during 24 months of follow-up were included. Patterns of adjunctive therapy use were identified and compared between patients who had one or two fills of the initial adjunctive therapy and those who had three or more. Results: There were 16,486 eligible beneficiaries. Of these, 5,933 (36%) had one or more adjunctive therapies within 24 months from the start of the PGA, 82% of whom started adjunctive therapy within 12 months. About 28% of patients started adjunctive therapy with a fixedcombination product; 45% of these patients started within the first 30 days. Overall, a large number of patients (42%) required adjunctive therapy within 30 days. Twenty-five percent of patients had only one or two prescriptions of their initial adjunctive therapy; of these patients, 74% discontinued adjunctive therapy altogether. Conclusion: Approximately 30% of patients starting glaucoma therapy will require adjunctive therapy within 1 year, and many receive a fixed-combination product as initial adjunctive therapy shortly after starting glaucoma therapy. This suggests a prescribing trend toward earlier, more aggressive drug therapy to control pressure and minimize disease progression. We found that compliance with adjunctive therapy continues to be a problem for patients, which could be attributed to a number of treatment burden and economic factors.
Introduction
The benefits of achieving a low target intraocular pressure (IOP) in primary open-angle glaucoma (POAG) and ocular hypertension are well recognized. When acceptable IOP levels are not achieved with a single drug, adjunctive therapy with complementary mechanisms of action is recommended. The Ocular Hypertension Treatment Study (OHTS) found that, in eyes without significant optic nerve damage and at risk of developing glaucoma, more than 40% of patients needed additional medication within 5 years after starting treatment to reach a modest reduction in IOP of 20% or more long-term. 1 As many as 75% of patients with POAG may require adjunctive therapy within 24 months of starting glaucoma therapy in order to achieve the target pressure. 2 The Advanced Glaucoma Intervention Study (AGIS) found that, in patients with glaucoma, the number of patients requiring more than one drug might be as high as 80% when the disease is more severe. 3 The introduction of adjunctive therapies to a treatment regimen multiplies the negative influences on adherence (ie, complexity of regimen, likelihood of adverse events, increased preservative load). [4] [5] [6] [7] [8] [9] [10] [11] Correspondence: Jordana K schmier exponent, 1800 Diagonal road, suite 500, alexandria, Va 22314, Usa Tel +1 571 227 7241 Fax +1 571 227 7299 email jschmier@exponent.com Initial therapy for POAG and ocular hypertension is typically with a prostaglandin analog in the US. Outside the US, a beta-blocker is still frequently used as first-line therapy due to cost. 12 When a prostaglandin analog is insufficient to control pressure, there are many types of adjunctive therapies to add, including selective and nonselective beta-blockers, alpha-agonists, and carbonic anhydrase inhibitors (CAIs), as well as lesser-used therapies, such as miotics. There are also fixed combinations available that include a nonselective beta-blocker when more than one adjunctive therapy is needed to control IOP. A fixed combination of an alphaagonist and CAI is also now available for patients with a contraindication to a nonselective beta-blocker.
The use of a fixed-combination drug provides the opportunity to maximize pressure reduction by combining two complementary mechanisms of action in one bottle while minimizing the complexity of the treatment regimen. There is published evidence that multiple drops can be challenging to administer without assistance and there is also the increased risk of contamination from patients inadvertently touching multiple bottles to the eye. [13] [14] [15] Additionally, as topical medications are applied frequently and over a long period of time, preservative toxicity to the ocular surface becomes an important factor for a chronic disease such as glaucoma. [16] [17] [18] Previous studies suggest that the use of fixed-combination products for control of IOP has increased significantly over the past decade. [7] [8] [9] This current study adds to this body of evidence by looking at more recent trends in glaucoma prescription use and, in particular, at the use of fixed-combination products in the treatment regimen.
Methods
The patients included in this retrospective cohort analysis were receiving medical and prescription benefits and were included in the 2007-2012 MarketScan ® Commercial Claims and Encounters and Medicare Supplemental databases. The Commercial Claims and Encounters database covers more than 300 million lives and includes 12 health plans and approximately 100 employers and includes both employees and dependents (personal communication February 2013). The Medicare Supplemental and Coordination of Benefits database covers more than 2.5 million lives and includes patients 65 years and older with employer-paid or Medicare Part C coverage. Only services covered 100% by Medicare Part A or B are excluded. All data were de-identified in accordance with Protected Health Information standards under the Health Information Portability and Accountability Act so that no individually identifiable information was included in the study database. Therefore, review by an institutional review board was not required. 19 The index date was defined as the first date on which a prostaglandin analog was filled. Glaucoma therapy claims were defined unique product identifiers for human drugs required as part of the Food and Drug Administration's listing process. Patients with two prostaglandin scripts, whether the same or different medications, on the index date were excluded, as it is unclear whether these were errors or drug trials. The study population was further defined by requiring patients to have at least 24 months of use of prostaglandin analogs following the index date (initial prostaglandin fill). This was operationalized as having at least one prescription for an ophthalmic prostaglandin analog during months 20-24 of the follow-up period; this could be the same medication as at the index date or a different prostaglandin. Patients were also required to be enrolled for 12 months following the first prescription for an adjunctive therapy. In some cases, where patients began adjunctive therapy more than 12 months after the index date, this extended beyond the original 24 months of continuous enrollment required; these patients were required to have additional follow-up beyond the 24 months. Patients with two adjunctive therapy prescriptions on their first date of adjunctive therapy were also excluded, as it was unclear how to classify these patients. Patients who did not meet these requirements (sufficient prior claims data, repeat use of a prostaglandin, use of one or more adjunctive therapies, sufficient follow-up after initiating adjunctive therapy) were excluded from the study database. Adjunctive medications were described by type (fixed combinations, beta-blockers, alpha-agonists, CAIs, plus other).
Participants were characterized in terms of available demographic characteristics (age and sex). Given previous evidence of patterns of discontinuation with nonselective beta-blockers, 20 patients were categorized by whether their initial adjunctive therapy was a nonselective beta-blocker (as part of a fixed combination or as a single agent) or another treatment (alpha-agonist, CAI, or other). Further, patients were classified based on whether they exhibited short-term use of the initial adjunctive therapy, defined as one or two prescriptions filled versus three or more. 
Results
To provide context, existing studies on adjunctive therapy use were consulted. A review of the literature 7-9 demonstrates a trend toward increased use of fixed-combination therapies as the first-line adjunctive therapy over time, with a corresponding decrease in the use of most single-agent drugs. These previously published studies used the same inclusion criteria and identified patients with a prescription for a topical prostaglandin analog who had no glaucoma therapy claims in the 6 months prior and had at least 12 months of data available after the initial prostaglandin analog claim. Thus, these analyses are comparable to each other and the present study, as shown in Figure 1 . Figure 2 shows the patient identification process for this analysis. In the present analysis, there were 16,486 beneficiaries with at least one prostaglandin analog prescription who met all requirements for eligibility. Table 1 shows that 5,933 (36%) had one or more pre-specified adjunctive therapies within 24 months from the start of the prostaglandin analog and had 12 months of follow-up available after the start of adjunctive therapy. For two-thirds of these patients (n=3,927), their initial adjunctive therapy was a nonselective beta-blocker, either alone (n=2,277) or as part of a fixed combination (n=1,650). The average age in all groups was just less than 70 years, and 51% of the patients were women.
Among patients who required adjunctive therapy, 25% had only one or two prescriptions of their initial adjunctive therapy. Of these patients, 74% did not have additional prescriptions for adjunctive therapies during the observation year, ie, for 12 months following the start of their adjunctive therapy (see Table 2 ). This ranged from 69% of patients with one or two prescriptions for an alpha-agonist to 82% of patients starting with a fixed-combination beta-blocker. Two of the largest shifts observed were patients who had one or two prescriptions for a fixed-combination beta-blocker switching to a single-agent beta-blocker, and vice versa (48.1% and 62.7%, respectively).
Among patients who had three or more prescriptions of their initial adjunctive therapy (75%), the vast majority (overall 93%, ranging from 89%-94% of patients by adjunctive therapy) continued long-term use of their initial therapy. For the 6%-11% who had a different adjunctive therapy for the fourth prescription, there was a wide range of agents used, with no clear pattern to suggest what was used next.
Time to initiating adjunctive therapies is shown in Table 3 . Time to first adjunctive therapy was highest for patients starting adjunctive therapy with CAIs (mean 190 days) and lowest for those starting with an "other" medication (mean 63 days). However, the standard deviation was high for all groups. These are further broken down into categories that represent both data-driven and clinically meaningful time points. First, the proportions of patients who had a prescription for an adjunctive therapy on the same day (day 0) as their index prostaglandin analog prescription are shown. This varies from 25% for alpha-agonists to 44% for other medications. Across all therapies, this represents 30% of the patients identified in the study. The rate of starting adjunctive therapies on days 1-30 is much lower, at 12%, and the total for the first month is a notable 42%. The next category captures adjunctive therapies filled in months 2-6 after the index prostaglandin analog and includes 28% of adjunctive therapy start dates. The remaining categories for initiating adjunctive therapy are 7-12 months and greater than 12 months, and ranged from 12%-18% of adjunctive therapy start dates. The rate of surgical procedures for glaucoma, not shown here, was extremely low (ie, less than 0.001 annually per person during the observation period). Thus, the rate of surgeries was not a significant factor in this study, nor were there enough observations to compare across adjunctive therapy groups.
Discussion
In this analysis, treatment patterns were examined for patients based on their first adjunctive therapy initiated within 24 months after receiving an initial prescription for a prostaglandin analog for glaucoma. As shown in Figure 1 , fixed combinations are being increasingly used as the first-line adjunctive therapy, in nearly 30% of glaucoma cases. This suggests a trend by providers toward earlier, more aggressive use of drug therapy to control pressure and prevent disease progression. Additionally, close to one-third of all adjunctive therapy prescriptions were filled on the same date as their first prostaglandin analog prescription. Same-day intervention of a fixed combination with a prostaglandin analog would be indicative of later-stage disease diagnosis as the patient's first diagnosis. The decision to provide a fixed-combination therapy initially versus an unfixed combination has been explored, with a recent meta-analysis suggesting lower rates of hyperemia with fixed combinations compared to either unfixed combinations or prostaglandin analog monotherapy. 21 Visual-field loss may already be present and be the reason for the patient seeking diagnostic services and treatment from a provider. Interestingly, the rate of surgical interventions was very low. We did not compare rate of surgical procedures by time to initiating adjunctive therapy; had the counts been higher, we would have considered such an analysis to identify whether starting adjunctive therapy earlier was indicative of more advanced disease. 
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In Table 2 , we show that 25% of the patients had only one or two fills of their initial adjunctive therapy and often discontinued therapy altogether; only 26% of these patients continued therapy with a different agent. Of note, in the group of patients with only one or two fills of their initial adjunctive prescription, 76% of those patients that started with a nonselective beta-blocker (either single agent or fixed combination) discontinued all adjunctive therapy. Use of a nonselective beta-blocker is contraindicated for patients with a diagnosis of cardiovascular and/or respiratory disease. [22] [23] [24] [25] We found that 15% of the patients in the present study had a diagnosis for cardiovascular disease and 10% had a diagnosis for respiratory disease, but this could not be attributed directly to their discontinuation of adjunctive therapy.
Although discontinuation of nonselective beta-blockers did not appear to be linked to cardiovascular or respiratory care, patients could have described subclinical conditions to their ophthalmologists, which might have altered treatment patterns and possibly have led someone to switch from a fixed-combination or single-agent nonselective beta-blocker to adjunctive therapy without a nonselective beta-blocker. Still, the high rate of discontinuation of the adjunctive therapy rather than a switch to a different therapy cannot be explained given that these patients continued to use their primary prostaglandin analog therapy.
As with any claims database analysis, there are certain limitations that must be acknowledged. The use of a large claims database offers an important strength in terms of sample size but shortcomings remain. We cannot tell to what extent 'days to supply' guidelines, which may differ across patients and are not documented in the database, may influence refill patterns. Also, the patient population in any given database may not match the general population of patients with the condition in question, although, in this analysis, the age and sex of the population reflect that of the general glaucoma population. 26 Other characteristics, such as race, educational status, central corneal thickness, or self-reported health status, among others, are unknown. Although glaucoma is typically bilateral, the American Academy of Ophthalmology's guidelines suggest that eyes may respond to different medications. 27 Therefore, we cannot rule out the possibility that what we identify as adjunctive therapy might not, instead be a different treatment for the fellow eye. The population of prescribers may not accurately reflect national patterns, which could affect generalizability. Most claims databases have little or no data on the characteristics of prescribers, but as the data were from a large managed care organization, it is likely that there is a wide distribution of prescribers and practices. By their nature, claims databases only provide information on people with some type of insurance coverage, and those with coverage may be more likely to seek out and adhere to treatment. Finally, claims databases may contain coding biases or errors, although there is no reason to believe that these errors would be different across treatments; in addition, the claims in this database were reviewed and adjudicated before the database was prepared for this analysis.
The methodology for patient selection in this study is also subject to certain limitations. The study attempted to identify only patients who were new to therapy by requiring 4 months of glaucoma-free claims prior to the first prostaglandin analog prescription. However, there is no way to account for product samples, which one study identified as being received by 20% of patients, 6 and which could translate into patients who were already taking prostaglandin analogs before our study identified them or continuing on adjunctive therapies while appearing not to have refilled them. However, since we also required that patients had no glaucoma diagnosis in the four months prior to the index date, the likelihood of them having received glaucoma therapies prior to their index date is low. Also, based on this study methodology, patients could have had poor adherence but still have been included; patients in the cohort analysis were required to have a minimum of two prostaglandin analog prescriptions filled during the 24-month follow-up period, but no attempt was made to assess medication possession ratio. Interestingly, research suggests that patients who use both an adjunctive therapy and a prostaglandin analog may be more compliant than those without adjunctive therapy, although compliance at 12 months was still only about 60% in the relevant study. 28 However, other studies report that dosing errors are more common with adjunctive therapy 29 and that time between refills increases when adjunctive therapy is initiated. 30 This leaves the question as to why so many patients with glaucoma maintain prostaglandin use but discontinue adjunctive therapies when there is no obvious evidence of adverse events or surgical intervention contributing to the answer. Many studies [31] [32] [33] [34] [35] [36] [37] have evaluated compliance with glaucoma medications, which consistently report, much like in other therapeutic areas, that compliance decreases as regimens become more complicated. Patients may decide that their adjunctive therapies are not important enough to use regularly and physicians may not realize that patients are not using them as prescribed. Future studies that include analysis of a full electronic medical record so that physician notes can be reviewed may answer some of these questions.
Conclusion
This analysis of adjunctive therapy use patterns in POAG patients shows that these drugs are being prescribed early in the timeline of the patient's treatment. In light of trends across 
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Patterns of adjunctive therapy use multiple studies, this suggests a prescribing trend towards earlier, more aggressive drug therapy for POAG. Related topics, such as the high rate of discontinuation from adjunctive therapies, could be explored through further analysis given additional robust data.
